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doi:10.1016/j.kjms.2012.04.025Abstract This study’s aim was to analyze the characteristics and severity of acute gastroen-
teritis related to infection with rotavirus (group R), nontyphoid Salmonella (NTS; group S), and
infection with both rotavirus and Salmonella (group B) in children in southern Taiwan in order
to improve diagnosis and expedite appropriate management. The medical records of children
admitted between October 2002 to September 2008 for acute gastroenteritis related to rota-
virus, NTS, or coinfection were collected and analyzed.Among 2040 reviewed medical records,
40 patients were infected with both pathogens, while 501 cases were infected with rotavirus
alone and 189 were infected with NTS alone. There were no significant differences between
the three groups in terms of age at admission or sex. The age distribution of the reviewed cases
revealed that children between the ages of 12e24 months comprised the largest proportion of
cases in each group. Higher concentrations of fecal leukocytes and fecal pus cells and longer
hospitalizations were observed in group B in comparison with groups S and R (p < 0.05). Clinical
severity was significantly higher in groups B and S than group R (p < 0.05). A proportional
association was found between the monthly case number of rotavirus infections and the mean
monthly temperature difference in southern Taiwan (r Z 0.9248; p < 0.0001). In summary,
concomitant rotavirus infection with NTS infection did not affect the clinical manifestations
of the reviewed patients. Rotavirus infection was less severe in most clinical manifestations,
but vomiting was more severe in rotavirus-infected patients. Positive fecal leukocytes and
positive fecal pus cells were more frequent during coinfection. There was a strong positivet of Pediatrics, Kaohsiung Medical University Hospital, Kaohsiung Medical University, #100, Tzu-you
w (R.-C. Yang).
vier Taiwan LLC. All rights reserved.
596 W.-T. Lee et al.relationship between the incidence of rotavirus gastroenteritis and the mean monthly temper-
ature difference.
Copyright ª 2012, Elsevier Taiwan LLC. All rights reserved.Introduction
Diarrhea is one of the major causes of morbidity and
mortality in children[1], demonstrating a median incidence
of 3.2 episodes per child-year in children < 5 years old [2].
It has been estimated that 25% of the growth differential
between children in developing countries and North
America is related to diarrhea [3].
Viruses are the most important pathogens that cause
diarrhea in children and are responsible for approximately
70e80% of all cases [4]. Rotavirus is the leading cause of
severe diarrhea in infants and young children worldwide
and is responsible for high morbidity in developed countries
and high mortality in developing countries, with an esti-
mated annual death toll of 440,000e500,000 worldwide
[5,6]. Bacteria are the second most common cause of
diarrhea. Nontyphoid Salmonella (NTS) is the leading cause
of bacterial enterocolitis in Taiwan [7,8]. Most cases of NTS-
induced acute diarrhea are generally self-limiting, however
bacteremia and focal complications, such as meningitis and
osteomyelitis, may occur and result in high morbidity and
mortality without appropriate treatment.
As for pneumonia, viral pneumonia could be complicated
by bacterial superinfection (e.g., Streptococcus pneumo-
niae) via the damaged epithelial layer. Whether the same
conditions could occur in the gastrointestinal tract is
unknown. There are only a few reports in the literature that
discuss the characteristics of rotavirus/NTS-caused gastro-
enteritis in children [9,10]. In addition, we were unable to
find any reports comparing the severity of disease in
hospitalized children infected with rotavirus, NTS, or those
who were coinfected. This study analyzed the character-
istics and severity of hospitalized children infected with
rotavirus, NTS, and both rotavirus and NTS in southern
Taiwan in order to improve diagnosis and expedite appro-
priate management.
Patients and methods
The medical records of children who were admitted to
Kaohsiung Municipal Hsiao-Kang Hospital, a community-
based teaching hospital with 464 beds in southern Taiwan,
from October 2002 to September 2008 with acute gastro-
enteritis were recruited. Approval from the institutional
review board of Kaohsiung Municipal Hsiao-Kang Hospital
was obtained before beginning this study.
Based on the results of the stool examinations, the
patients were divided into group B (positive for both rota-
virus and NTS), group R (positive for rotavirus and negative
for NTS), or group S (negative for rotavirus and positive for
NTS). Demographic chacteristics, including sex, age, and
the duration of hospitalization, were acquired from their
medical records and initially assessed on a monthly basis for
the 6-year study period. The monthly incidence of eachgroup was plotted against the mean monthly temperature
difference.
Clinical symptoms (e.g., fever, vomiting, diarrhea),
laboratory data (white blood cell [WBC] count, C-reactive
protein [CRP] level, stool culture for NTS, and the presence
of stool occult blood, fecal leukocytes, fecal pus cells, and
rotavirus antigen in stool), and length of hospitalization
were obtained from each patient’s medical chart and
reviewed. Fever was defined as S 38C as measured by an
ear thermometer (FirstTemp Genius, Model 3000A; Sher-
wood, IMS, Ins., Carlsbad, California, USA). A diarrhea
episode was defined as the passage of unformed stool for at
least twice the usual daily frequency during a 24-hour
period. Severity was assessed using a modified version of
the method described by Flores et al., which assessed the
severity of diarrhea, vomiting, and associated fever [11].
The duration of fever (in days) was included in the
numerical score system because this is used to characterize
the severity of gastroenteritis in clinical practice (Table 1).
The degree of severity was expressed as the sum of the
points attributed to each symptom.
Stool and blood culturing were performed on selective
media plates, including a SalmonellaShigellamedium and
a Hektoen enteric medium. Salmonella serotyping was
determined using a commercial antiserum assay (Difco
Laboratories, Detroit, Michigan, USA). The rotavirus antigen
was detected using a rapid immunochromatographic
assay (Rota-check-1; VEDA Laboratories, Alenc¸on, Basse,
France). The monthly temperature data in Kaohsiung were
provided by the Central Weather Bureau, Taiwan. The
mean temperature difference was defined as the mean high
temperature minus the mean low temperature for each
month.
Statistical analysis included the Chi-square test or Fisher
exact test for categorical data, ANOVA for continuous data,
and Spearman correlation for determining the relationship
between continuous variables. All data were analyzed using
Statistical Analysis Software (SAS; JMP version 6.0; SAS
Institute Inc., Cary, NC, USA). A p value < 0.05 was
considered statistically significant.
Results
Demographic features
A total of 2040 cases were reviewed, and 730 of these were
infected with rotavirus, NTS, or both. Among these 730
cases, 40 (5.5%) patients were infected with both rotavirus
and NTS, 501 (68.6%) were infected with rotavirus alone,
and 189 (25.9%) were infected with NTS alone. The average
age on admission was 2.41  1.70 years for group B,
2.73  2.20 years for group R, and 2.53  2.81 years for
group S. A significant difference was not observed between
the age groups (Table 2). The 12e24-month age group
Table 1 Comparison of the clinical features of nontyphoid Salmonella, rotavirus, and coinfection.
Severity score Salmonella
infection, n (%)
Rotavirus
infection, n(%)
Coinfection, n(%) p
Duration of diarrhea (d)
<2 1 11 (5.82) 122 (24.55)* 1 (2.50) <0.0001
2e4 2 62 (32.80) 257 (51.71) 12 (30.00)
>4 3 116 (61.38) 118 (23.74) 27 (67.50)
Maximum number of incidents of diarrhea per day (no.)
<4 1 8 ( 4.35) 68 (15.42)* 0 (0.00) <0.0001
4e5 2 22 (11.96) 107 (24.26) 2 (5.00)
>5 3 154 (83.70) 266 (60.32) 38 (95.00)
Duration of vomiting (d)
0 0 112 (59.26) 91 (18.24)* 26 (65.00) <0.0001
1e2 1 69 (36.51) 345 (69.14) 14 (35.00)
>2 3 8 (4.23) 63 (12.63) 0 (0.00)
Fever (maximum C)
None 0 22 (11.64) 147 (29.46) 6 (15.38)** <0.0001
S38 1 81 (42.86) 246 (49.30) 22 (56.41)
<39, S39 2 86 (45.50) 106 (21.24) 11 (28.21)
Duration of fever (days)
<2 0 21 (11.11) 116 (23.25) 8 (20.00)** <0.0001
2e3 1 56 (29.63) 227 (45.49) 13 (32.50)
>3 3 112 (59.26) 156 (31.26) 19 (47.50)
Clinical severity score, mean  SD 9.23  2.07 7.91  2.28* 8.85  1.95 <0.0001
no. 184 439 39
*Significantly different from the other two groups (p < 0.05).
**Not significantly different from the other two groups (p > 0.05).
Table 2 Comparison of the demographic and clinical features and laboratory data of patients infected with nontyphoid
Salmonella, rotavirus, or coinfection.
Salmonella infection Rotavirus infection Coinfection p
Age (y), mean  SD 2.53  2.81 2.73  2.20 2.41  1.70 0.4717
No. 189 501 40
Gender (male/female) 114/75 303/198 25/15 0.9661
Clinical features
Vomiting (%) 77 (40.74) 408 (81.76)* 14 (35.00) <0.0001
Fever (%) 167 (88.36) 352 (70.54) 33 (84.62)** <0.0001
Diarrhea (%) 186 (98.41) 461 (92.02) 40 (100)** 0.0017
Laboratory data
WBCy (cells/mm3), mean  SD 11.10  3.71 11.37  5.58 10.93  3.21 0.7463
no. 189 499 40
CRPz (mg/L), mean  SD 71.16  61.12 25.71  39.55* 63.63  47.21 <0.0001
no. 189 498 40
CRPz (>50 mg/L) (%) 105/189 (55.7) 84/498* (16.9) 20/40 (50.0) 0.0002
Positive for stool occult blood (%) 122/185 (65.95) 197/497* (41.13) 32/40 (80.00) <0.0001
Positive for fecal leukocytes*** (%) 41/136 (30.15) 35/387 (9.04) 18/38 (47.37) <0.0001
Positive for fecal pus cells (%) 6/166 (3.61) 7/387 (1.81) 7/39* (17.95) <0.0001
Length of hospital stay*** (d), mean  SD 6.99  3.14 5.44  3.31 9.05  3.35 <0.0001
*Significantly different from the other two groups (p < 0.05).
**Not significantly different from the other two groups (p > 0.05).
***Significant difference among all three groups (p < 0.05).
yWBC Z white blood cell; zCRP Z C-reactive protein.
Salmonella/rotavirus coinfection in children 597
598 W.-T. Lee et al.comprised the majority of the cases in each group (Fig. 1).
Coinfection was not observed in children > 7 years old. The
gender ratios (a total of 442 males and 288 females) did not
differ significantly between the three groups (pZ 0.9661).Clinical features, severity, and laboratory data
Incidences of vomiting, fever, and diarrhea
In group R, the incidence of vomiting (81.76%) was higher
than those of group B (35%; p < 0.0001) and group S
(40.74%; p < 0.0001). A significant difference was not
observed between groups B and S (Table 2). The percent-
ages of fever and diarrhea in group R (70.54% and 92.02%,
respectively) were significantly lower in comparison with
group S (88.36% and 98.41%; p < 0.0001 and p Z 0.0019,
respectively). Although the incidences of fever and diar-
rhea in group B (84.62% and 100%, respectively) were
greater than those in group R (70.54% and 92.02%);
however, these differences were not significant. In addi-
tion, there were no significant difference in terms of fever
or diarrhea between groups B (84.62% and 100%, respec-
tively) and S (88.36% and 98.41%).
Severity of diarrhea, vomiting, and fever
As summarized in Table 1, severity of diarrhea was more
pronounced in groups B and S than group R. More patients in
groups B and S experienced diarrhea lasting for > 4 days
and > 5 times per day (p < 0.0001). However, no significant
difference between groups B and S was found. The duration
of vomiting was significantly longer in group R (p < 0.0001),
but there was no significant difference between groups B
and S. The severity of fever in group S, including the
maximum body temperature and duration of fever, was
significantly more severe than that of group R (p < 0.0001).
There was no significant difference in terms of the severity
of fever between group B and the other two groups.
Laboratory data
The WBC count did not differ between the groups (group S:
11,100  3710 cells/mm3; group R: 11,370  5580 cells/
mm3; group B: 10,930  3210 cells/mm3; Table 2). The CRP
values of groups B (63.63  47.21 mg/L, p <0.0001) and S
(71.16  61.12 mg/L, p < 0.0001) were significantly higher
than that measured in group R (25.71  39.55 mg/L). No
statistical differences were observed between groups B and0
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Figure 1. Age distribution of patients infected with non-
typhoid Salmonella, rotavirus, and those with coinfection.S. Using a cutoff value of 50 mg/L, the percentages of
patients with an elevated CRP level were significantly
greater in groups B (50%, p < 0.0001 ) and S (55.7%,
p < 0.0001) than in group R (16.9%); however, there was no
significant difference between groups B and S.
The percentage of patients that were positive for stool
occult blood in group R (41.13%) was significantly lower
than in groups B (80%, p < 0.0001) and S (65.95%,
p < 0.0001), but there was no significant difference
between groups B and S. There were significant differences
in terms of the presence of fecal leukocytes among groups
(group B: 47.37%; group S: 30.15%; group R: 9.04%;
p<0.0001). The percentage of positive fecal pus cells in
group B (17.95%) was significantly greater than those
measured in groups R (1.81%, p < 0.0001) and S (3.61%,
p Z 0.0039), with no significant difference noted between
groups S and R.
Clinical severity score and length of hospital stay
The clinical severity scores of groups B (8.85  1.95,
p Z 0.0129) and S (9.23  2.07, p < 0.0001) were signifi-
cantly higher than that of group R (7.91  2.28). No
significant difference was observed between groups B and S
(Table 1). Meanwhile, patients in group B required signifi-
cantly longer hospital stays (9.05  3.35 days) than those in
group S (6.99  3.14 days) or R (5.44  3.31 days, p < 0.001;
Table 2). Furthermore, a good correlation was observed
between the clinical severity score and the length of the
required hospital stay(r Z 0.279; p < 0.0001).
Relationship between monthly incidence of disease
and temperature
The monthly incidence of disease was plotted by
percentage against the mean monthly temperature differ-
ence in the Kaohsiung area (Fig. 2). Rotavirus infection was
more frequent in the fall-winter season. The mean monthly
temperature difference was more strongly associated with
the incidence of rotavirus infection in the Kaohsiung area
(r Z 0.9248; p < 0.0001) in comparison with the mean
monthly temperature (r Z -0.8408; p Z 0.0006). NTS was
more common in the summer season. Coinfection
frequently occurred during the peak seasons for rotavirus
and NTS.0
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Figure 2. Relationship between monthly incidence of non-
typhoid Salmonella, rotavirus, and coinfection and the mean
monthly temperature difference in Kaohsiung.
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Acute gastroenteritis remains as an important cause of
hospitalization for Taiwanese children. During the 6-year
period that was studied, acute gastroenteritis was the
second leading cause of hospitalization in children in our
hospital. Rotavirus and NTS were the two most common
pathogens found in this study, which is consistent with
previous reports [7,8,12]. The incidence of coinfection in
this study was 5.5%, which is within the ranges reported by
previously published studies (0.48e7.4%) [13e15]. It is not
surprising that the prevalence of coinfection was higher
among males in this study because the prevalences of
rotavirus and NTS infection have been reported as higher in
male children [12,16]. However, there were no differences
between males and females with coinfection or NTS
infection in terms of clinical severity score or length of
hospitalization.
Regarding clinical manifestations, NTS and coinfection
were significantly related to a higher frequency of stool
passage, longer duration of diarrhea, longer length of
hospitalization, and higher clinical severity score in
comparison with rotavirus infection. However, the severity
of illness was similar between coinfection and NTS infection
because NTS infection may mask rotavirus infection, at
least in terms of clinical severity. Hung et al. report that
70% of patients that were coinfected with NTS and rotavirus
presented with vomiting in comparison with 40% of patients
with NTS infection only [10]. This phenomenon did not
present in our study, indicating that vomiting may not be an
indicator for differentiating coinfection from NTS infection.
A previous study demonstrated that the WBC count
provides only a minimal contribution to the diagnosis of
bacterial enteritis [17]. However, an elevated CRP
level > 50 mg/L and positive stool occult blood test were
valuable indicators of bacterial enteritis in children in our
study. Furthermore, positivity for fecal leukocytes and
fecal pus cells were found more frequently in coinfected
patients in our study.
Rotavirus infections commonly present during the winter
months in temperate climates [6]. However, in most trop-
ical areas, rotavirus causes enteritis throughout the year
without seasonal variation [18]. Taiwan is located in
a subtropical zone at a latitude of 21e25 north of the
equator. Therefore, rotavirus infection occurs throughout
the year in Taiwan, with an epidemic peak during the cooler
months[8,12,19,20]. The present study, which was con-
ducted in the Kaohsiung area (south of the Tropic of
Cancer), reveals that the peak incidence of rotavirus
infection is between January and March. Interestingly, this
is the first study to report that the mean temperature
difference is more strongly related to the incidence of
rotavirus gastroenteritis than the mean temperature.
Further prospective longitudinal surveillance may provide
additional reliable epidemiological data that could provide
better and faster diagnoses.
In conclusion, this retrospective study confirms that the
clinical severity of NTS infection is worse than that of
rotavirus infection. The clinical manifestations of rotavirus
and NTS coinfection are not worse than those of NTS
infection. Positivity for fecal leukocytes and fecal pus cellswere found more frequently in coinfected patients. There
was also a strong positive relationship between the inci-
dence of rotavirus gastroenteritis and the mean monthly
temperature difference.Acknowledgments
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